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(57) A dynamic hibernation time apparatus monitors 
and ensures that battery packs in a computer system 
have sufficient energy capacity to sustain a proper sav- 
ing of the hibernation file into the hard disk drive. The 
invention determines the memory size of the computer 
and adds the storage space needed to store the chip 
register contents to arrive at the determination of the hi- 
bernation file size. Next, the time necessary to save the 
hibernation file on the disk data storage device and the 
hibernation energy required to operate the disk data 
storage device to completely save the hibernation file 
are determined. When the battery capacity drops within 
a range of the previously computed hibernation energy, 
a warning message is generated at the user and the hi- 



bernation file is saved. The computer is shut down after 
the hibernation file has been properly saved. Thus, by 
determining the total memory size to be saved in the 
hibernation file, by determining the time and the energy 
required to completely store the hibernation file into the 
disk drive, and by sensing either the battery capacity or 
requesting that the smart battery sends an alarm to ini- 
tiate the hibernation file saving process, the present in- 
vention ensures that sufficient energy exists in the bat- 
tery packs to properly save the hibernation file onto the 
hard disk drive before system shut down occurs due to 
low battery capacity without wasting energy by deter- 
mining the set point based on a maximum memory con- 
figuration. 
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Description 

The invention relates to a power management sys- 
tem in a computer, and more particularly, to a power 
management system tor causing a computer to hiber- 
nate. 

Personal computers are constantly evolving to pro- 
vide a user with the highest performance available at 
the lowest cost. Performance improvements in the mi- 
croprocessor, memory and data storage systems have 
resulted in personal computers so powerful that they are 
now capable of performing tasks that before could only 
be performed by large mainframe computers. The pro- 
liferation of personal computers is driven in part by the 
ever increasing performance of the electronic compo- 
nents and by the ever dropping prices of the computers. 

Technological changes are especially exemplified 
in the area of portable and palmtop computers where 
power consumption efficiency needs to be balanced 
against features, cost, size, weight and performance. 
This is especially challenging since many computer us- 
ers desire the portable computer be compact, light- 
weight and yet provide the same processing power as 
that of a desktop unit so that compute intensive appli- 
cations, such as computer aided design, three dimen- 
sional animation, and video presentations, can be per- 
formed even if the user is on the road and does not have 
access to his or her desktop computer. 

One problem associated with battery powered port- 
able computer systems is the operating period per set 
of batteries. Although portable computer users prefer 
long operating time between battery recharge or re- 
placement operations, the weight and space limits im- 
posed by the physical structure ol the portable computer 
provide a natural limit to the operating period that a set 
of battery can support. Many solutions have been pro- 
posed to reduce power consumption of a portable com- 
puter system, particularly when the system is not in use. 

One solution used in portable computers with Intel's 
486™ SL microprocessor provides a suspend hardware 
which allows the system to power-off with an application 
running after a predetermined period of user inactivity 
and resume the application transparently when the user 
continues work using the portable computer. In accord- 
ance with the Intel 486™ SL data sheet, the suspend 
mode is the maximum power saving mode as it elimi- 
nates all power usage except that required to retain the 
slate of the computer system before power is removed. 
In the Intel 486™ SL system, before causing the com- 
puter system to enter the suspended mode, a suspend 
request handler saves the state of the computer mem- 
ory such that the computer can return to the state it was 
in before the power down operation. In addition, register 
contents of the processor and peripheral components 
such as the 82360SL I/O chip need to be extracted from 
the components and saved either in a nonvolatile RAM 
because the contents of these registers may be over- 
written by a system management interrupt handler for 
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resuming operation on the portable computer Thus, for 
example, the 82360SL I/O chip contains certain stand- 
ard ISA peripheral controllers, some of which have only 
write-only registers. For compatibility reasons, these 

s registers cannot be modified. Therefore, these registers 
are shadowed in the 82360SL I/O chip such that their 
states can be accurately restored in the resume func- 
tion. Thus, in addition to primary memory contents, the 
suspend code has to save the state of the registers of 

10 the processor as well as support chips for the resump- 
tion of processing when the computer is waked up. 

In the event that the system is in suspension, activ- 
ities directed at the computer, such as the assertion of 
the suspend/resume button pin or the opening of the lid 

is of the computer, initiate a resume operation to remove 
the computer system from its suspend state. When a 
resume operation is initiated, the 82360SL chip restarts 
the CPU clock and causes a soft reset. During warm- 
boot, by examining the suspend status bit, the system 

20 BIOS can determine if a reset had been caused by a 
resume event. If the suspend status bit is set, the reset 
is a resume reset and control is passed to the system 
management interrupt (SMI) handler. In this manner, in 
the Intel 486™ SL, information saved by nonvolatile 

25 memory before the suspend operation is used by the 
SMI handler to restore the system to its original state 
prior to suspend. 

Since the Intel 486™ SL suspend specification, 
computer vendors have added a variation known as hi- 

30 bernation where the contents of memory as well as the 
registers of the processor and support chips are stored 
in a disk file known as a hibernation file. The ability to 
store the hibernation file in the disk drive allows much 
larger system configurations to be stored, such as much 

35 multimegabyte main memory size, high resolution video 
memory, and related information to be economically 
stored in the computer system's already available disk 
drive. By using the disk drive in place of the non-volatile 
RAM, the computer system can hibernate even if mem- 

40 ory intensive applications are loaded into memory. Fur- 
ther, by using an existing disk drive rather than adding 
an expensive non-volatile memory devices, the price of 
the computer system is kept minimal. 

In conventional portable computers offering the hi- 

45 bernation capability, the hibernation trigger is typically 
activated after a fixed time interval or period of inactivity 
from the user. Although this solution is adequate when 
the battery pack powering the portable computer is fresh 
with an abundance of energy for supporting the opera- 
te tion of the disk drive, one problem with the conventional 
hibernation approach occurs when the battery pack is 
near its exhaustion point. At this point, not only do 
present systems write the hibernation file, they also pre- 
clude any further user activity - i.e., shut down. But, in 

ss high end portable computers where the main random 
access memory capacity may reach up to 150MB, the 
hibernation file can be expected to be large. The writing 
of such large file to the disk drive can consume a signif- 
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icant amount of time and energy. Thus, it is possible for 
the portable computer system to run out of energy in the 
midst of writing the hibernation file to the disk drive if the 
remaining battery capacity of the battery is sufficiently 
low. Such an occurrence would be highly undesirable s 
as the user may lose his or her data during the hiberna- 
tion process. To forestall this, present solutions hiber- 
nate and shut down a predetermined period of time or 
energy before the batteries lose all power, where the 
time or energy is chosen to accommodate the maximum 10 
expected amount of random access memory to be 
placed in the system. 

A dynamic hibernation time apparatus for use in a 
computer system is disclosed which monitors and en- 
sures that battery packs in a computer system have suf- 
ficient energy capacity to properly save the hibernation 
lile into the hard disk drive, but without wasting available 
battery charge. This is accomplished by first determin- 
ing the memory size of the computer and adding the 
memory needed to store the chip register contents to 
amve at the determination of the hibernation file size. 
Next the time or energy is determined necessary to 
save the hibernation file to the disk data storage device. 
The battery capacity is then monitored for a drop below 
a predetermined threshold of the previously computed 
hibernation energy value. When that condition is true, a 
warning message is displayed to the user the hiberna- 
tion process is initiated to save the hibernation file, and 
the portable computer is shut down after the hibernation 
file has been properly saved. 

Thus, by determining the total memory size to be 
saved in the hibernation file, by determining the time or 
the energy required to completely store the hibernation 
file into the disk drive, and by sensing either the battery 
capacity on a periodic basis or by requesting that a 
smart battery sends an alarm to initiate the hibernation 
file saving process, the present invention ensures that 
sufficient energy exists in the battery pack to properly 
save the hibernation file in the hard disk drive before a 
system shut down occurs due to the low battery capacity 
while maximizing the utilization of energy stored in the 
battery as the user can freely process data without the 
risk of losing data due to an insufficient battery capacity 
for hibernation purposes. 

A better understanding of the present invention can 
be obtained when the following detailed description of 
the preferred embodiment is considered in conjunction 
with the following drawings, in which: 

Figure 1 is a block diagram of a computer system 
having a dynamic hibernation time device in accord- 
ance with the present invention; 
Figure 2 is schematic block diagram of a microcon- 
troller for performing the dynamic hibernation time 
device of the present invention; 
Figure 3 is a flow chart of a power-on sequence 
which is executed by the computer system of Figure 
1; 



Figure 4 is a flow chart of the process for determin- 
ing a hibernation energy value in accordance with 
the hibernation power management system of the 
computer system of Figure 1 ; 
Figure 5 is a flow chart illustrating the process for 
hibernating the computer system of Figure 1 when 
conventional batteries are used; 
Figure 6 is a flow chart of a process for querying a 
conventional battery for remaining capacity in ac- 
cordance with the present invention; 
Figure 7 is a flow chart illustrating the process for 
determining the hibernation energy and setting up 
a smart battery in accordance with the present in- 
vention; 

Figure 8 is a flow chart illustrating the process for 
setting up the smart battery in Figure 7; 
Figure 9 is a flow chart illustrating the steps for hi- 
bernating the computer system of Figure 1 when 
smart batteries are utilized; 

Figure 10 is a flow chart illustrating the process for 
setting up smart batteries such that a warning mes- 
sage will be sent to the user at a predetermined pe- 
riod before hibernation; and 

Figure 11 is a flow chart illustrating the process for 
hibernating the computer system of Figure 1 with 
the warning message of Figure 1 0 when smart bat- 
teries are utilized. 

Turning now to the drawings, Figure 1 is a computer 
system S according to the present invention. In Figure 
1 , the system S comprises a portable computer 80 and 
an expansion base unit 90. Within the portable computer 
80, a CPU 100 and a level two (L2) cache 104 are con- 
nected to a high speed local bus 105. The processor 
100 of the preferred embodiment is one of the 80X86 
microprocessor family manufactured by Intel Corpora- 
tion of Santa Clara, California. In the preferred embod- 
iment, the processor operates with a standard IBM-PC 
compatible operating system, such as MS-DOS or Win- 
dows, available from Microsoft Corporation of Red- 
mond, Washington. The L2 cache 104 provides addi- 
tional caching capabilities to the processor's on-chip 
cache to improve performance. 

In addition to the CPU 1 00 and cache 1 04, a number 
of memory interface and memory devices are connect- 
ed between the local bus 1 05 and a PCI bus 1 06. These 
devices include a memory to PCI cache controller 
(MPC) 1 01 , a dynamic random access memory (DRAM) 
array 102, and a memory data buffer (MDB) 103. The 
MPC 101 is connected to the DRAM array 102, which 
is further connected to the MDB 103. The MPC 101, 
DRAM array 1 02, and MDB 1 03 collectively form a high 
performance memory system for the computer system 
S. A video controller 1 08 is also connected to a PCI bus 
106. 

The PCI bus 1 06 is also connected toa system con- 
troller 1 1 2. The system controller 1 1 2 is a PCI to ISA bus 
bridge which also provides various support functions for 
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the portable computer 80 and the expansion base unit 
90 of the system S. Preferably the system controller 11 2 
is a single integrated circuit that acts as a PCI bus mas- 
ter and slave, an ISA bus controller, an ISA write posting 
buffer, an ISA bus arbiter, DMAdevices : and an IDE disk s 
interface. The system controller 112 is connected to an 
audio controller 1 1 6 and a modem 1 18 as conventionally 
present in PC systems to provide sound and data com- 
munication capabilities for the system S via a first ISA 
interface 1 21 . The system controller 1 1 2 is also connect- 10 
ed to an IDE interface port 114 for driving one or more 
peripheral devices such as hard disk drives, preferably 
a CD-ROM player 117 and a disk drive 119. The periph- 
eral devices such as the disk drives typically store boot 
data used during the initial power up of the computer 1& 
system. Further, the system controller 112 provides a 
single pin output to support an interrupt serial bus (IR- 
QSER) 144. 

The system controller 112 is connected to an MSIO 
(mobile super I/O) chip 1 20. The MSIO 1 20 is connected 20 
to a flash ROM 122. The flash ROM 122 receives its 
control, address and data signals from the MSIO 120. 
Preferably, the flash ROM 122 contains the BIOS infor- 
mation for the computer system S and can be repro- 
grammed to allow for revisions of the BIOS. Additionally, 25 
the MSIO 120 provides a parallel port 180, a serial port, 
a floppy interface, a keyboard interface and a mouse 
interface, among others, for the computer system S. 

A plurality of Quick Connect switches 109 are also 
connected to the PCI bus 106. Upon detecting a docking 30 
sequence between the portable computer 80 and the 
base unit 90, the Quick Connect switches 109 couple 
the PCI bus 106 and the I ROSE R bus 144 to an expan- 
sion PCI bus 107 and an expansion IRQSER bus 145 
on the base unit 90. The Quick Connect switches 109 35 
are series in-line FET transistors having low r^, or turn- 
on resistance, values to minimize the loading on the PCI 
buses 106 and 107 and the IRQSER buses 144 and 
145. 

Turning now to the expansion base unit 90, one or 40 
more PCI masters 1 32 are connected on the expansion 
PCI bus 107, which is adapted to be connected to the 
PCI bus 1 06 over the Qu ick Switches 1 09 when the port- 
able computer 80 is docked to the expansion base unit 
90. The PCI bus 107 is also connected to PCI slots 142 
and 1 44 and also to a card-bus interlace 1 46 lor accept- 
ing expansion cards. Also connected to the expansion 
PCI bus 107 is a second system controller 130, which 
is preferably a second integrated circuit of the same type 
as the system controller 112. The system controller 130 so 
is configured to be the slave upon power up. As a slave, 
the write posting buffer is not available in the system 
controller 130. The system controller 130 is connected 
to the expansion PCI bus 107 and the interrupt serial 
bus 145. The system controller 1 30 supports additional 55 
drives 137 and 139 through an the IDE interface 134. 
The system controller 1 30 also supports an ISA bus 1 35 
which is connected to one or more ISA slots 136-138. 



The system controller 1 30 is further connected to a sec- 
ond MSIO device 140, which provides a secondary par- 
allel port, serial port, and floppy interface. 

Thus, the system S, upon docking, may have mul- 
tiple parallel ports, serial ports, keyboards, mice, and 
disk drives via the system controllers 112 and 130. Ad- 
ditionally, the system S may have a plurality of PCI and 
ISA type peripherals on their respective buses. The 
availability of a plurality of slots allows more peripherals 
to be connected to the system S and contributes to the 
useability and flexibility of the portable computer 80 
when it is docked to the expansion base unit 90. 

Turning to Figure 2, the circuitry of a microcontroller 
174 for monitoring available battery energy is shown. 
The microcontroller 174 preferably communicates with 
smart batteries in determining remaining battery capac- 
ity, but can work with conventional battery as well via 
suitable battery capacity management and monitoring, 
as shown below. In Figure 2, the system controller 112 
communicates with the super I/O device (MSIO) 120 
over the ISA bus. In the MSIO device 120, an interface 
unit 170 is connected to the ISA bus for receiving in- 
structions from the CPU 1 00. The interlace 1 70 provides 
a number of "mailbox 8 registers mapped into the I/O 
memory space to facilitate the interprocessor commu- 
nication and coordination between the CPU 100 and a 
microcontroller 174. The interface 170 is connected to 
the enable input of an oscillator gating circuit 172 to al- 
low the CPU 100 to control the generation of the clock 
to the microcontroller 174. The oscillator gating circuit, 
or the variable clock generator, 172 receives a clock sig- 
nal which is externally generated by an oscillator 185. 
The oscillator gating circuit or variable clock generator 
172 preferably receives a 14 MHz clock signal from the 
oscillator 185 and generates a programmable clock out- 
put that can be selected from 0MHz, 12 MHz, 14 MHz, 
or 16MHz. The oscillator 185 is active when the compu- 
ter system 80 is in the on state. 

Further, an external real time clock (RTC) oscillator 
186 is connected to the oscillator gating circuit 172 to 
clock the RTC circuit (not shown) and to clock the 8051 
microcontroller 1 74 when it is in a deep sleep mode. The 
RTC oscillator 186 which supports the updating of sys- 
tem time and date functions is constantly maintained 
even when the CPU 100 has been turned oft. Thus, the 
RTC oscillator 186 is available as a last resort clock for 
the microcontroller 174 when it sleeps. 

The deep sleep mode is an ultra low power mode 
where most sections ol the microcontroller 1 74 are shut 
down to conserve power. This mode is a special mode 
that is provided as an enhancement to a standard 
8051 -compatible microcontroller cell. The deep sleep 
mode is entered when the standard 8051 IDLE instruc- 
tion is executed with a particular register bit set. In this 
mode, the microcontroller 174 assumes that it will oper- 
ate off a ring oscillator 187 and thus arms the ring oscil- 
lator 187 such that the ring oscillator 187 will wake up 
when certain events such as interrupts are presented to 
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the microcontroller 174. 

As discussed above, the internal ring oscillator 187 
is connected to the oscillator gating ci rcuit 1 72 to provide 
clock signals to the microcontroller 174 when the com- 
puter system 80 is in the standby mode or when the mi- 
crocontroller comes out of its deep sleep. The ring os- 
cillator 187 consists essentially of a number of inverters 
connected together in a looped series arrangement, 
with a pass transistor connected between the output of 
one inverter and the input of another inverter such that, 
upon turning off the pass transistor, the feedback is bro- 
ken and the oscillation stops. The control gate of the 
pass transistor is connected to the microcontroller 174 
such that the microcontroller 174 can wake up the ring 
oscillator 187 when certain internal and external events 
are encountered. The external events that wake up the 
microcontroller 174 include the actuation of the ring in- 
dicator from the modem, the standby button, the hiber- 
nation button, PCMCIA card detect, and the ring indica- 
tor. The internal events which wake up the microcontrol- 
ler 174 include events relating to the real time clock 
alarm, the hibernation time, the keyboard, and the 
mouse, among others. The ring oscillator is available as 
a standard ASIC module from SMC Corporation of 
Hauppauge, NY. Finally, the output of the oscillator gat- 
ing circuit 172 is provided to the clock input of the 8051 
compatible microcontroller 174. 

Other than the special clock circuits discussed 
above for the deep sleep feature, the 8051 compatible 
microcontroller 174 has a random access memory 
(RAM) 175 and a read only memory (ROM) 1 76 for stor- 
ing boot-up instructions. The microcontroller 174 has a 
built-in timer 177 named Timer_0 which may be used to 
allow the microcontroller 1 74 to detect failures when the 
timer time-outs. The timer 1 77 is a count-up timer which 
interrupts at the rollover point. The timer 177's duration 
and count-up sequencing are controlled by the micro- 
controller 174. The timer 177 generates an interrupt to 
the microcontroller 174 upon the completion of its count 
sequence. The generation of the interrupt to the micro- 
controller 174 wakes the microcontroller 174 out of its 
idle mode so that the processing of the routines ofthe 
present invention can be performed. The timer 177 is 
used as a fail-safe mechanism to wake up the micro- 
controller in the event of power failures and other abnor- 
mal operating conditions. 

Although a conventional timer can be used, the 
present invention also contemplates that a watchdog 
timer can be used in place ofthe timer 177. In the event 
that the watchdog timer is used, the software overhead 
on the microcontroller 174 is reduced, as the watchdog 
timer will reset the microcontroller 174 in event of an 
abnormal program execution. If the watchdog timer is 
not periodically reset by the microcontroller 174, the 
counter in the watchdog timer overflows, causingthe mi- 
crocontroller 174 to be reset. The watchdog timer thus 
restarts the microcontroller 174 in abnormal situations, 
providing for recovery from a hardware or software error. 
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The microcontroller 174 is also connected to the se- 
lect input of a two-to-one multiplexer 178. The B input 
of the multiplexor 1 78 is connected the input/output lines 
of the microcontroller 174. The A input of the multiplexor 

s 178 is connected to the interface 1 70 for transferring da- 
ta from the parallel port directly to the processor 100 via 
the system controller 112. The microcontroller 174 has 
an output connected to the select input S of the multi- 
plexor 1 78 to control the routing of data from the parallel 

10 port 1 80 to either the interface 1 70 or the microcontroller 
174. The output ofthe multiplexor 178 is connected to 
the parallel port 180. The interface 170 and the micro- 
controller core 1 74 are connected to the flash ROM 1 22. 
Finally, the parallel port 180 communicates with a par- 

15 allel port 1 90 (Figure 2) which is driven by a second com- 
puter system 192. The second computer system 192 
contains uncorrupted data such as a new valid BIOS to 
be loaded to the flash ROM 1 22. 

Additionally, the microcontroller 174 of Figure 2 re- 

20 ceives battery information from one or more battery 
packs 191 and 193 over an inter-integrated circuit (l 2 C) 
bus. The inter-integrated circuit (l 2 C) bus is a simple bi- 
directional two wire bus for efficiently controlling multiple 
integrated chips. Details of the l 2 C bus can be found in 

25 the 'The l 2 C-Bus and How to Use It (Including Specifi- 
cation)," published by Phillips Semiconductors, January 
1992. Briefly, the l 2 C bus consists of two lines: a serial 
clock (SCL) and a serial data line (SDA). Each of these 
lines is bi-directional. The SCL line provides the clock 

30 signal for data transfers which occur over the l 2 C bus. 
Logic levels for this signal are referenced to VBATT-, 
which is common to all installed battery packs B. The 
SDA line is the data line for data transfers which occur 
over the l 2 C bus. Again, logic levels for this signal are 

35 referenced to VBATT-. As illustrated by a second in- 
stalled battery pack 193, the battery microcontroller of 
any additional battery pack is also coupled to the MSIO 
120 via the l 2 C bus. Low value series resistors (not 
shown) are typically provided at each device connection 

40 for protection against high-voltage spikes. 

Each device connected to the l 2 C bus is recognized 
by a unique address-whether it is the MSIO 120 or the 
battery microcontroller o1 any installed battery packs 
191 and 193. Both the MSIO 120 and battery microcon- 
45 troller incorporate an on-chip interface which allows 
them to communicate directly with each other via the 
l 2 C bus. Using the l 2 C bus in cooperation with the mas- 
ter battery signal MSTR_BAT reduces the number of in- 
terface signals necessary for efficient battery manage- 
so rnent. 

Further, the microcontroller 174 also receives in- 
puts from a plurality of switches, including a computer 
lid opening switch 1 94, a power on switch 1 95, and a 
standby switch 196. The lid opening switch 1 94 senses 
55 when the lid of the computer system 80 is opened, indi- 
cating that the user is about to activate the computer 
system 80. The power on switch 1 95 allows the user to 
turn on the portable computer 80, while the standby 
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switch 196 allows the user to put the portable computer 
system 80 to an idle mode or a sleep mode to conserve 
power. Preferably, the actuation of the switches 194, 
1 95 and 196 generates an interrupt to the microcontrol- 
ler 174 and causes the microcontroller 174 to exit its s 
deep sleep mode, if the microcontroller 174 is in such a 
mode, and further causes the microcontroller 174 to 
branch to an appropriate interrupt handler to respond to 
the actuation of the switches or the insertion/removal of 
the battery packs 1 91 and 1 93. 10 

Finally, the microcontroller 174 is connected to a 
keyboard 197 for receiving data entries from the user. 
The microcontroller 174 is further connected to a DC/ 
DC converter 1 98 which provides regulated +5VDC and 
+1 2VDC to the VCC2 plane to power the portable com- is 
puler 80. The DC/DC converter receives a DC voltage 
supplied by an AC/DC converter (not shown) which is 
connected to the AC power at a docking station (not 
shown). When the portable computer unit 80 is docked 
with ils docking station, it communicates with peripheral 20 
devices, receives DC currents for charging batteries 
plugged into the portable computer 80 and for operating 
the portable computer unit 80. The DC/DC converter 
198 has an enable input driven by the microcontroller 
1 74 such that the microcontroller 174 can turn on or off 2s 
the DC/DC converter 198. The battery packs 191 and 
193 may be a conventional Nicad or Lithium recharge- 
able battery or they may be consumable, one-time use 
type of batlery. However, as conventional batteries are 
less predictable with respect to their energy capacity, 30 
the battery packs 1 91 and 1 93 are preferably smart bat- 
teries which offers power management, precise charge 
control, accurate capacity monitoring and extensive da- 
ta logging capability and can communicate battery in- 
formation to the microcontroller 1 74 which ultimate com- 35 
municates such information to the CPU 100. 

Turning now to Figure 3, the process for powering- 
on the computer system of Figure 1 is disclosed in more 
detail. In Figure 3, upon entry to the power-on routine, 
the microcontroller 174 boots up first in step 252. In step *o 
252, the microcontroller 1 74 boots from its internal ROM 
and performs various low level system tests. Next, in 
step 254, the microcontroller 174 checks if the content 
of the flash-ROM 120 is acceptable in step 254. If the 
content of the flash-ROM 120 has been corrupted, the *s 
routine of Figure 3 performs a flash-ROM 120 recovery 
routine in step 256. 

Alternatively, in the event that the flash-ROM 120 
passes the checksum test, the routine of Figure 3 caus- 
es the microcontroller 1 74 to release the flash-ROM 1 20 so 
to the CPU 100 in step 256. From step 256, the CPU 
100 handles the processing of the rest of the routine of 
Figure 3. In step 258, the routine of Figure 3 checks if a 
hibernation bit has been set, indicating that the portable 
computer system 80 has previously been placed into a ss 
hibernation mode to conserve battery power. If not, the 
routine proceeds from step 258 to step 260 where the 
CPU 100 executes a power-on-self-test (POST) routine. 
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The POST routine tests the microprocessor, memory 
and other hardware components for their presence and 
correct operation. The POST routine also initializes var- 
ious interrupt vector table entries with default values 
pointing to interrupt handler routines in the system BI- 
OS. The POST routine also calls a user set-up program 
for configuring the hardware and loads an operating sys- 
tem from the selected boot disk drive into main memory 
after POST completes its operation. 

From step 260, the routine of Figure 3 boots up the 
portable computer system 80 in step 262. The routine 
of Figure 2 then transfers control to the disk operating 
system (DOS) in step 264 before the routine of Figure 
3 is exited in step 266. 

From step 258, in the event that the hibernation bit 
has been set, the routine transitions from step 258 to 
step 268 to determine the drive where the hibernation 
file is stored. Generally, the drive is assumed to be the 
hard disk drive in the hard disk bay of the portable com- 
puter 80, as the chance that the boot hard disk will be 
removed from the hard disk bay is less than the chance 
that the hard disk will be removed from the multi-bay. 
From step 268, the routine reloads the RAM and the chip 
contents with the saved value from the hibernation file 
stored in the data storage device of step 268. At this 
point, the portable computer system 80 is restored to 
the identical state prior to its entry into the standby and 
hibernated state to conserve energy. Next, the routine 
executes from the last saved program counter in step 
272 and the CPU 100 resumes processing from the 
point where it was last suspended. 

Turning now to Figure 4, the routine to compute the 
hibernation energy value required to store the hiberna- 
tion file is disclosed. The routine of Figure 4, HIBENER- 
GY 280, first retrieves a main memory size from the per- 
sonal computer's system parameter table in step 282. 
The memory size is normally determined during the 
boot-up time by the BIOS when it performs various 
memory sizing and diagnostic operations. Additionally, 
in the event that the portable computer system 80 has 
received additional system memory via expansion ports 
such as a PCMCIA port (not shown), step 282 queries 
the expansion ports connected to the portable computer 
system 80 and adds the memory size associated with 
the memory in the expansion cards to the system mem- 
ory size retrieved in step 282. 

From step 282, the HI BEN ERG Y routine 280 further 
determines the memory needed to store register con- 
tents from the peripheral support chips as well as the 
CPU in step 284. Next, the HIBENERGY routine 280 
determines a hibernation file size value by adding the 
system memory available to the portable computer 80, 
as determined in step 282, with the storage space re- 
quired for saving chip and CPU register contents, as de- 
termined in step 284. From step 286, the HIBENERGY 
routine 280 retrieves disk related information stored in 
a parameter table. From these parameters, the HIBEN- 
ERGY routine 280 derives information relating to the 
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read/write access speed as well as the power consump- 
tion characteristics to disk drives mounted to the porta- 
ble computer system 80 in step 288. This is done, for 
example, by examining a lookup table with information 
for known drives in terms of milliwatts per period of time. 
For example, there can be a default, maximum con- 
sumption value for unknown drives. 

From step 288, the HIBENERGY routine 280 com- 
putes the time or energy necessary to save the hiber- 
nation file on the disk drive in step 290. Essentially, step 
290 divides the hibernation file size by the disk drive's 
write speed to arrive at the time required to write the 
hibernation file to the disk drive. Next, from step 290, 
the HIBENERGY routine 280 computes the hibernation 
energy required to operate the disk drive for the time 
period determined in step 290 to save the hibernation 
file in step 292. This step is accomplished by multiplying 
the time required to save the hibernation file with the 
power consumption parameter on the disk drive. 

Although these two steps are shown as computing 
energy based on time, other techniques could be used, 
such as energy per megabyte written. Alternatively, an 
empirically derived lookup table can be used for a port- 
able's internal hard drive. In any case, the amount of 
energy necessary to save the hibernation file is deter- 
mined. Once the hibernation energy has been deter- 
mined in step 292, the HIBENERGY routine 280 adds a 
predetermined spare energy number to the hibernation 
energy computed in step 292. The padding of the hiber- 
nation energy value ensures that the portable computer 
80 has sufficient energy reserve to save the entire hi- 
bernation file, even if unanticipated power consumption 
arises during the hibernation shut-down process. Fur- 
ther, as conventional batteries are used in this process, 
the HIBENERGY routine 280 sets a hibernation test tim- 
er in step 296 such that the portable computer 80 peri- 
odically checks the remaining battery capacity and per- 
forms the hibernation shut-down procedure, if neces- 
sary. From step 296, the HIBENERGY routine 280 exits 
in step 298. Although an absolute energy computation 
is preferred, the energy necessary to store the hiberna- 
tion file can alternatively be computed and stored in a 
relative sense, such as a percentage of total or full bat- 
tery capacity available. 

Turning now to Figure 5, the routine to perform the 
hibernation shut-down is shown in more detail. In Figure 
5, a HIBERCHECK routine 300 is installed after the port- 
able computer 80 has successfully booted in Figure 3. 
In the HIBERCHECK routine 300, the routine first deter- 
mines whether it is time to check for hibernation activi- 
ties in step 302. If not, the routine puts itself to sleep in 
step 304. Periodically, the routine comes out of step 304 
and proceeds to step 302 to once more check on the 
need for performing hibernation checking activities in 
step 302. When it is time to check on hibernation activ- 
ities, the HIBERCHECK routine 300 transitions from 
step 302 to step 306, where it queries the conventional 
battery for its remaining battery capacity. As discussed 



earlier, the remaining battery capacity is determined us- 
ing a fuel gauging process. The fuel gauging process 
essentially determines how much useful charge re- 
mains in the battery and is typically accomplished by 
5 counting Coulombs. 

From step 306, the HIBERCHECK routine 300 
checks in step 307 whether the remaining capacity is at 
a predetermined multiple of the hibernation energy or 
not. If so, the HIBERCHECK routine 300 transitions from 
10 step 307 to step 309 where it issues a warning message 
to the user before the HIBERCHECK routine 300 is ex- 
ited in step 310. Preferably, the predetermined multiple 
value of 1.5 is used to simply provide a warning mes- 
sage when battery capacity is down approximately to 
is 1.5 times the energy required to save the hibernation 
tile. However the present invention contemplates that 
any other suitable value greater than 1 .0 can be used 
to generate warning messages in step 309. 

From step 307, if the remaining capacity is less than 
20 the predetermined multiple of the hibernation energy, 
the routine 300 checks if the remaining capacity is within 
a predetermined range of the hibernation energy value 
in step 308. From step 308, if the remaining capacity is 
greater than the hibernation energy value threshold, the 
25 HIBERCHECK routine 300 simply exits in step 310. 

Alternatively, in the event that the remaining capac- 
ity is approximately equal to the determined hibernation 
energy value threshold in step 308, the routine 300 sets 
a hibernation bit in step 31 2. Next, the routine locates a 
30 suitable hibernation drive in step 314. 

From step 314, the HIBERCHECK routine 300 of 
Figure 5 saves the hibernation file on the hibernation 
drive determined in step 314. Next, the routine in step 
318 signals the user that a shutdown is in progress in 
35 step 318 before it performs the shut-down process in 
step 320. The shut-down process is essentially imple- 
mented by directing an electronic switch to isolate the 
main power supply rail from the power source. 

Turning now to Figure 6, the process for querying a 
40 conventional battery is shown. In the routine 
CON VE NTION AL_B ATTE R Y_QU E RY 330, the appro- 
priate battery type is determined and the appropriate ac- 
tions are taken. In step 332, the CONVENTIONAL. 
BATTERY_QUERY routine 330 determines the type of 
45 battery such as alkaline or lithium for remaining capacity 
monitoring and management purposes. If so, the routine 
330 causes voltage and current sensors coupled to the 
microcontroller 1 74 to sense the current, voltage and the 
discharge rate in step 334. From step 334, the 
so CONVENTIONAL_BATTERY_QUERY routine 330 of 
Figure 6 compares the observed current, voltage and 
discharge rate against a predetermine discharge curve 
in step 336. Preferably, the predetermined discharge 
curve of step 336 is stored as a table in the RAM 102 of 
55 the portable computer unit 80. From step 336, the rou- 
tine CONVENTIONAL_BATTERY_OUERY 330 com- 
putes the remaining capacity in step 338 before it exits 
in step 348. 
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From step 332, in the event that the battery is not 
alkaline type battery, the routine 300 further checks to 
see if the battery is a lithium type battery. If so, the rou- 
tine transitions from step 340 to step 342 where it sens- 
es the current, voltage and discharge rate of the battery. 
Next, the CONVENTIONAL_BATTERY_QUERY rou- 
tine 330 compares the voltage fall-off rate of the battery 
against a predetermined lithium battery discharge curve 
stored in the RAM 102 in step 344. From step 344, the 
routine CONVENTIONAL_BATTERY-QUERY 330 com- 
putes the remaining battery capacity for the battery in 
step 346 before it exits in step 348. The routine 330 of 
Figure 6 thus detects the appropriate battery type and 
applies the appropriate process for determining remain- 
ing battery capacity- 
Figure 7 describes the process for computing data 
related to the hibernation process and for configuring 
intelligent or smart batteries with the computed hiberna- 
tion data. Smart batteries are described in a publication 
entitled "Smart Battery Data Specification," revision 1 .0, 
February 15, 1995, by Intel Architectural Lab located in 
Portland, Oregon and Duracell, Inc., located in Bethel, 
Connecticut. In Figure 7, a routine SMART_HIBENER- 
G Y 280 performs various computations necessary to ar- 
rive at a hibernation energy threshold required to prop- 
erly operate the disk drive to save the hibernation file- 
Further, the routine SMART_HIBENERGY 280 also sets 
up the smart battery to instruct the smart battery to in- 
terrupt the processor whenever its battery capacity falls 
below a predetermined threshold. The routine of Figure 
7 is very similar to that of the routine of Figure 4, and 
thus the description of commonly-numbered steps and 
processes of Figure 4 also applies to those of Figure 7. 
Figure 7 differs from Figure 4 in that step 296 of Figure 
4 has been replaced by a step 350 which sets up the 
smart battery, as disclosed in more detail in Figure 8. 

In Figure 8, a SMART_BATTERY_SETUP routine 
360 is illustrated. Upon entry to the SMART_ 
BATTERY_SETUP routine 360, the microcontroller 374 
determines whether or not the battery packs 191 and 
193 are smart batteries by examining the signature of 
the battery packs 1 91 and 1 93. If the battery packs 1 91 
and 193 do not exhibit their smart battery signatures, 
the SMART_BATTERY_SETUP routine 360 simply ex- 
its in step 368. Alternatively, if the battery packs 1 91 and 
193 are smart batteries, the routine 360 initializes the 
smart battery in step 364. From step 364, the 
SMART_BATTERY_SETUP routine 360 programs the 
smart battery packs 191 and 193 with a remaining ca- 
pacity alarm value such that the battery packs 191 and 
193 would interrupt the microcontroller 174 whenever 
the battery capacity is within a predetermined range of 
the hibernation energy threshold in step 366. After the 
smart battery has been programmed, whenever the re- 
maining capacity in the battery packs 191 and 193 falls 
below the set alarm value, the battery packs 191 and 
1 93 send alarm warning messages to the microcontrol- 
ler 174. Thus, the remaining capacity alarm function on 



the smart battery notifies the microcontroller 174 of an 
impending power outage such that the portable compu- 
ter 80 has time to transition to the suspend or hibernate 
state. From step 366, the S M ART_B ATTE R Y„S ETUP 
s routine 360 transitions to step 368 to exit the process of 
Figure 8. 

Turning now to Figure 9, the routine to handle the 
alarm generated by the smart battery packs 1 91 and 1 93 
is shown. In Figure 9, a REMAINING_CAPACITY_ 

io ALARM_HANDLER 370 is normally installed during the 
boot-up phase of the portable computer 80. The 
REMAINING_CAPACITY_ALARM_HANDLER 370 is 
executed whenever it receives an interrupt from the bat- 
tery packs 191 and 193 indicating that the capacity of 

is the battery packs 1 91 and 1 93 has fallen below the pre- 
viously set remaining capacity alarm value of Figure 8. 
From step 370, the R E M Al N I N G_C APACI T Y_ AL AR M_ 
HANDLER routine of Figure 9 sets a hibernation bit in 
step 372. Next, from step 372, the routine locates the 

20 appropriate hibernation drive in step 374. The hiberna- 
tion file is saved on the hibernation drive in step 376. 
After the hibernation file has been successfully saved, 
the REMAINING_CAPACITY_ALARM_HANDLER rou- 
tine 370 of Figure 9 signals the user that a shutdown is 

2S impending in step 378 before the routine actually shuts 
down the portable computer 80 in step 380. 

Figures 10 and 11 illustrate the processes for gen- 
erating advance warning messages to users when 
smart batteries are used. Turning now to Figure 10, a 

30 SMART_BATTERY_WITH_WARNING_SETUP routine 
390 is disclosed. After booting up, the SMART_ 
BATTERY_WITH_WAKING_ SETUP routine is execut- 
ed. In step 392, the routine determines whether or not 
the battery packs 191 and 193 are smart batteries in 

35 step 392. If not, the routine of Figure 10 exits in step 
398. Alternatively, if the signature of the battery packs 
1 91 and 1 93 indicate that they are smart batteries in step 
392, the routine transitions to step 394 where the bat- 
teries are initialized. From step 394, the routine sets the 

40 remaining capacity alarm to ring at a predetermined 
multiple of the hibernation energy threshold, preferably 
at approximately 1.5 times the hibernation energy 
threshold. From step 396, the smart battery with warning 
setup routine 390 exits in step 398. Although the multiple 

45 value of 1 .5 is used in step 396, the present invention 
contemplates that any value greater than 1.0 may be 
used to as the basis for generating the alarm message 
to warn the user well in advance of the impending hiber- 
nation. 

50 Turning now to Figure 1 1 , the corresponding routine 
to display warning messages to the user upon receipt 
of a hibernation is disclosed- In Figure 11, a 
REMAINING_CAPACITY_ALARM_WITH_WARNING 
handler routine 400 is shown. Starting from step 402, 

55 the routine 400 retrieves the estimated time to empty 
from the smart battery in step 402. The time to empty 
information of step 402 is maintained by the controller 
within the smart battery packs. The maintenance of 
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each battery's own information allows for a mixture of 
batteries, such as different chemistries and/or charge 
states to be used in a device. As each smart battery ac- 
curately reports its own characteristics, the information 
provided to the computer system relating to the expect- 
ed energy capacity and provides the computer system 
with accurate state of charge information along with an 
accurate prediction of the remaining operating time. 

In accordance with the Intel-Duracell smart battery 
data specification, the routines AT_RATE() and the rou- 
tine AT_R AT E_TI ME_TO_ EMPTYQ may be used to de- 
termine the remaining operating time given the 
AT_RATE value. 

Once the estimated time to empty has been deter- 
mined in step 402, the routine 400 proceeds to generate 
an alarm to the user in step 404. Further, step 404 dis- 
plays the estimated time to empty value. Such messag- 
es allow the user to proceed with closing down certain 
files and saving important files if necessary. From step 
404, the 
R E MAI N I N G _C APACI T Y_ AL AR M_WI T H_W ARN I N G 
handler routine 400 sets the remaining capacity alarm 
to the predetermined hibernation energy value in step 
406. Next, the routine 400 exits in step 408. After the 
routine of Figure 11 completes operation, the next time 
that the remaining capacity alarm is actuated, the port- 
able computer system 80 executes the 
REMAINtNG_CAPACITY_ALARM_HANDLER routine 
370, as shown in Figure 9. The execution of the 
REMAIN! NG_CAPACITY_ALARM_ HANDLER routine 
370 causes the portable computer 80 to complete the 
hibernation process and shut itself down, as previously 
discussed. 

Thus, by determining the total memory size to be 
saved in the hibernation file, by determining the time and 
the energy required to completely store the hibernation 
file into the disk drive, and by sensing either the battery 
capacity or requesting that the smart battery sends an 
alarm to initiate the hibernation file saving process, the 
present invention ensures that sufficient energy exists 
in the battery packs to properly save the hibernation file 
onto the hard disk drive before system shut down occurs 
due to low battery capacity, but without wasting availa- 
ble capacity. Although the disclosed embodiment is 
based on remaining available energy, an exclusive time- 
based system could also be used, where the system hi- 
bernates at a variable time before battery empty, where 
the lime is selected based on memory size.. 

The foregoing disclosure and description of the in- 
vention are illustrative and explanatory thereof, and var- 
ious changes in the size, shape, materials, components, 
circuit elements, wiring connections and contacts, as 
well as in the details of the illustrated circuitry and con- 
struction and method of operation may be made without 
departing from the spirit ofthe invention. 
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Claims 

1 . A method for causing a computer to hibernate, said 
computer having a hibernation file, a memory, a da- 
ta storage device and a battery, said battery having 
a battery capacity, said method comprising the 
steps of: 

determining the size of said hibernation file; 
determining a suitable hibernation energy level 
required to operate said data storage device 
until said hibernation file has been saved based 
on said determined size; 
determining when said battery capacity drops 
to said determined hibernation energy level; 
and 

causing said computer to hibernate when said 
battery capacity drops to said determined hi- 
bernation energy level. 

2. The method of claim 1 , wherein said hibernation file 
size determining step further comprises the steps 
of: 

retrieving a memory size from said portable 
computer; 

determining a memory capacity needed to 
store chip and register content; and 
adding said memory size with said memory ca- 
pacity to arrive at said memory size. 

3. The method of claim 1 or claim 2, wherein said data 
storage device has a write speed parameter and an 
energy consumption parameter, further comprising 
the step of retrieving said write speed and energy 
consumption parameters from said data storage de- 
vice. 

4. The method of claim 3, further comprising the step 
of computing the time necessary to save said hiber- 
nation file on said data storage device using said 
write speed parameter. 



5. The method of claim 4, further comprising the step 
45 of computing a hibernation energy required to op- 
erate said data storage device to save said hiber- 
nation file using said time and said energy con- 
sumption parameter. 

50 6. The method of claim 5, wherein said computing a 
hibernation step further comprises the step of pad- 
ding said hibernation energy to provide for spare 
energy capacity. 

55 7. The method of any of claims 1 to 6, wherein said 
battery capacity determining step further comprises 
the step of periodically checking the capacity of said 
battery. 
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8. The method of any of claims 1 to 6, wherein said 
battery is a smart battery and wherein said battery 
capacity determining step further comprises the 
step of programming said battery to report to said 
computer when said battery capacity drops to said 
hibernation energy level. 

9. The method of any of claims 1 to 6, wherein said 
battery capacity determining step analyzes the ca- 
pacity of said battery as a percentage of full battery 
capacity. 

10. The method of any of claims 1 to 6, wherein said 
battery capacity determining step determines re- 
maining battery capacity in ampere hours. 

11. An apparatus for causing a computer to hibernate, 
said computer having a hibernation file, a memory, 
a data storage device and a battery, said memory 
having a memory size, said battery having a battery 
capacity, said apparatus comprising: 

a processor coupled to said memory, said data 

storage device and said battery; 

a memory analyzer coupled to said hibernation 

file for determining the size of said hibernation 

file; 

a hibernation energy analyzer coupled to said 
memory analyzer and said processor, said hi- 
bernation energy analyzer determining a hiber- 
nation energy level required to operate said da- 
ta storage device until the hibernating process 
is completed; 

a battery capacity monitor coupled to said bat- 
tery and said processor, said battery capacity 
monitor asserting an output when said battery 
capacity drops below said hibernation energy 
level; and 

a file saver coupled to said hibernation file, said 
data storage device, said battery capacity mon- 
itor and said processor, said file saver writing 
the content of said hibernation file to said data 
storage device when said battery capacity 
monitor output is asserted. 

12. The apparatus of claim 11, wherein said computer 
has one or more support components with regis- 
ters, wherein said memory analyzer further com- 
prises: 

a system memory size analyzer coupled to said 

processor and said memory to determine the 

memory size of said system memory; 

a register content size analyzer coupled to said 

support components, said register content siz- 

er analyzer determining a memory capacity to 

store the content of said registers; and 

an adder coupled to said system memory size 
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analyzer and to said register content size ana- 
lyzer. 

13. The apparatus of claim 1 1 or claim 1 2, wherein said 
5 data storage device has a write speed parameter 

and an energy consumption parameter, further 
comprising a parameter extractor coupled to said 
processor and to said data storage device, said pa- 
rameter extractor retrieving said write speed and 
io energy consumption parameters from said data 
storage device. 

1 4. The apparatus of claim 1 3, further comprising a time 
analyzer coupled to said parameter extractor, said 

is time analyzer determining the time required to save 
said hibernation tile on said data storage device us- 
ing said write speed parameter. 

15. The apparatus of claim 1 4, wherein said hibernation 
20 energy analyzer generates said hibernation energy 

level as a function of said time and energy con- 
sumption parameters. 

16. The apparatus of claim 15, further comprising a hi- 
25 bemation energy padder coupled to said hiberna- 
tion energy analyzer, said hibernation energy pad- 
der providing a spare energy capacity to said com- 
puter. 

30 17. The apparatus of any of claims 11 to 16, wherein 
said battery energy monitor periodically checks the 
capacity of said battery. 

18. The apparatus of any of claims 11 to 16, wherein 
35 said battery is a smart battery and wherein said bat- 
tery capacity monitor programs said smart battery 
to report to said computer when said battery capac- 
ity drops to said hibernation energy level. 

40 19. The apparatus of any of claims 11 to 16, wherein 
said battery capacity monitor analyzes the capacity 
of said battery as a percentage of full battery capac- 
ity. 

45 20. The apparatus of any of claims 11 to 16, wherein 
said battery capacity monitor analyzes the remain- 
ing capacity of said battery in ampere hours. 

21. A computer system, comprising: 

so 

an expansion base unit; and 

a portable computer coupled to said expansion 

base unit, said portable computer having 

55 a hibernation file, 

a memory, 

a data storage device, 
a battery, and 
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apparatus according to any of claims 11 to 
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